ABSTRACT We analyzed the prokaryotes in bulking and healthy sludge from a mesophilic expanded granular sludge bed reactor treating wastewater with high organic content by 16S rRNA gene amplicon sequencing. We tabulated the microbiota at the phylum level, providing a framework for avoiding sludge bulking.
xpanded granular sludge bed (EGSB) reactors are the gold standard technology for industrial and agroindustrial wastewater treatment with high concentrations of organic matter (1) . Despite their advantages, an issue of levitation/outflow of sludge (anaerobic bulking) has been recognized to cause changes in sludge sedimentation by overgrowth of filamentous microbes (2, 3) . Information on microbiota associated with anaerobic bulking of an EGSB reactor for beverage wastewater has been reported (3); however, this information is not applicable to all EGSB reactors. To truly understand anaerobic bulking of EGSB reactors, information on anaerobic bulking-associated microbiota in EGSB reactors for treating various organic wastewaters should be collected.
Anaerobic bulking was observed in a full-scale mesophilic (30 to 33°C) EGSB reactor (established in Saitama in February 2014) treating wastewater discharged from a thickened Worcestershire sauce-producing factory at startup and during continuous operation. Using previously described measurement methods (2, 4, 5), we identified that the majority of the chemical oxygen demand (COD) in the wastewater supplied to the reactor comprised carbohydrates (3,840 mg COD/liter) and some organic acids (279 mg COD/liter). Two bulking sludges and two healthy granular sludges with different sampling times were collected from a sample port located 2 m from the bottom of the reactor (reactor volume, 60 m 3 ) ( Table 1) . DNA extraction was performed using a previously described bead-beating method (4). The V4 region of the prokaryotic 16S rRNA gene was amplified using Blend Taq polymerase (Toyobo, Osaka, Japan) and 515F/806R primers (6) . Amplification products with six replicates per sample were sequenced using the MiSeq instrument and MiSeq reagent kit v2 (300 cycles) (Illumina, San Diego, CA, USA) by Bioengineering Lab. Co., Ltd. (Kanagawa, Japan). The raw sequence reads were processed using the FASTX-Toolkit v0.0.13 (7) and Sickle v1.33 (8) to remove adaptor and primer sequences, ambiguous reads, low-quality sequences (with a quality score of ՅQ20), and reads of Յ40 bp. Quality-filtered sequences were merged using PEAR v0.9.10 with default settings (9) , and merged sequences of Յ245 and Ն260 bp were removed using SeqKit v0.8.0 (10). 16S rRNA amplicon libraries for each sludge were clustered for assignment to operational taxonomic units (OTUs) using QIIME v1.9.1 (11) and the SILVA database (release 132) with 97% identity (12) . Representative OTUs were tabulated at the phylum level; the results and indices of biodiversity, calculated using QIIME v1.9.1 (11), are displayed in Table 1 .
In total, 101,977 to 126,402 and 99,098 to 138,537 high-quality reads were obtained from bulking and healthy granular sludge, respectively. The prokaryotic taxa were similar, but abundances differed among the four sludges. The major prokaryotes (abundance, Ͼ1%) common to all sludges were classified as Euryarchaeota, Bacteroidetes, Chloroflexi, Firmicutes, and Proteobacteria (Table 1) . These data may provide insights into the prevention of anaerobic bulking in EGSB reactors by using suitable methods, such as setting the appropriate organic loading rate and adjusting the wastewater concentration and composition.
Data availability. The 16S rRNA gene amplicon data set was deposited in the NCBI Sequence Read Archive (SRA) under DRA accession number DRP005109 and SRA run accession numbers DRR180033 to DRR180056. 
